Respiratory syncytial virus (RSV) is the most common cause of viral lower respiratory tract infection worldwide. The disease is most severe in infants, children with underlying cardiopulmonary diseases, and children who are immunodeficient (8, 36) . Recent evidence also implicates RSV as an important cause of respiratory tract infection in the elderly population (13, 26) . Despite its importance as a human pathogen, there is currently no effective immunoprophylactic agent for this virus. Early attempts to vaccinate children with formalin-inactivated whole virions (FI-RSV) resulted in a paradoxically severe disease in these children when they were subsequently infected with the virus (10, 24) . The mechanism(s) underlying the immunopathological effect of FI-RSV is not completely understood.
Recent advances in the understanding of T-lymphocyte biology, in combination with the availability of animal models of RSV infection, have given a significant impetus to the study of the immune mechanisms operating during RSV infection. In particular, the role of cytokines produced by T cells has been clearly demonstrated. Induction of a Th-2-type response (high interleukin-4 [IL-4] and IL-5 production) has been shown to lead to the development of systemic illness (weight loss) as well as the development of pulmonary eosinophilia (1, (15) (16) (17) 29) . Neutralization of IL-4, at the time of priming or viral challenge, in mice sensitized to FI-RSV results in the amelioration of systemic illness (11, 14, 37) . Furthermore, the presence of eosinophils in the peripheral blood and in the lungs of children who had been vaccinated with FI-RSV and subsequently infected with RSV suggests the important role of Th-2 cytokines in the pathogenesis of this disease (24) .
In a murine model of RSV infection, the induction of Th-1-or Th-2-type cytokine responses is dependent on the sensitizing RSV antigen (2, 28, 34, 35) . BALB/c mice primed with vaccinia virus expressing the attachment glycoprotein of RSV (RSV G) exhibit extensive recruitment of eosinophils into the lungs upon infection with RSV, indicating a strong Th-2 response (2, 28, 34, 35) . Studies have suggested that the induction of Th-2 responses by this protein may be regulated by factors including the context of the protein during priming and the presence of immunomodulatory effectors, such as CD8 ϩ T lymphocytes, during the differentiation and activation of CD4 ϩ T cells (4, 17, 21, 23, 34, 37) . However, the influence of the intrinsic properties of RSV G glycoprotein, especially the major histocompatibility complex (MHC)-peptide ligand complex recognized by effector CD4 ϩ T cells on the induction of polarized cytokine responses to this protein has not been examined in detail.
In the present study we analyzed in detail the cytokine profile of effector CD4 ϩ T cells elicited by the RSV G glycoprotein in a murine model of RSV infection. We have found that RSV G glycoprotein primes for the simultaneous induction of Th-1-and Th-2-type responses after challenge infection of BALB/c (H-2 d ) mice with RSV and that both types of cytokine responses are produced by CD4 ϩ T cells directed to a single immunodominant region of the G protein. This finding indicates that MHC-ligand complexes derived from RSV G glycoprotein do not direct the differentiation of CD4 ϩ T lymphocytes towards a Th-1 or Th-2 phenotype. This view is further supported by findings with BALB/b (H-2 b ) mice, which differ from BALB/c mice at the MHC locus but have identical background genes. RSV G-sensitized BALB/b mice, when challenged with RSV, produce both Th-1-and Th-2-type cytokines directed to a single region of the RSV G glycoprotein. Finally, we began to evaluate the contribution of non-MHC genes to the development of pulmonary eosinophilia in this model. The implications of these findings for the immunopathogenesis of RSV and the development of vaccines are discussed. Virus and infection of mice. Recombinant vaccinia virus expressing the fusion (VF) and attachment (VG) glycoproteins of RSV were obtained from J. L. Beeler (Food and Drug Administration and National Institutes of Health). The generation and characterization of these viruses have been previously described (3, 39) . Recombinant vaccinia virus expressing only ␤-galactosidase (VSC11) was used as a control. RSV (A2 strain) was a generous gift from P. L. Collins, (National Institute of Allergy and Infectious Diseases, National Institutes of Health). RSV was grown in HEp-2 cells and plaque purified. The virus stock was grown in HEp-2 cells and titered for infectivity. The mice were infected with 3 ϫ 10 6 PFU of recombinant vaccinia virus by scarification at the base of the tail. In some experiments, the mice were given 10 6 PFU of RSV in 50 l of inoculum intranasally 3 weeks after priming and sacrificed 5 days later. Cells were isolated from the lungs for in vitro culture. Lung tissue was prepared for histopathological study.
MATERIALS AND METHODS

Mice
Peptides. Synthetic peptides were made by standard 9-fluoroenylmethoxycarbonyl chemistry with a model AMS422 peptide synthesizer (Gilson Co. Inc., Middleton, Wis.).
Histopathology. The lungs of the mice were harvested and fixed in 10% formalin in phosphate-buffered saline. The specimens were processed, embedded, and sectioned by American Histolabs Inc. (Gaithersburg, Md.). Sections of the lungs were prepared and stained for eosinophils by the Leinert-Giemsa technique. Morphometric analysis of lung eosinophilia was performed as previously described (34, 35) . In brief, cells with characteristic eosinophil staining in and around blood vessel walls were enumerated. The lengths of the vessels were estimated with a micrometer attached to the eyepiece of a microscope. The results are expressed as the number of eosinophils present per millimeter of blood vessel. Three to five blood vessels were examined in each section from individual mice.
Lymphocyte culture. Cells were isolated from lung tissue as previously described (35) . Briefly, the lungs were minced in Iscove's medium (Gibco, Gaithersburg, Md.) containing 10% fetal calf serum. Lung tissue was tapped through a wire screen. Particulate matter was removed by quick centrifugation at 1,000 rpm. The cell suspension was layered over a Ficoll-Hypaque density gradient (Lymphocyte-M; Cedarlane, Ontario, Canada) and centrifuged at 400 ϫ g for 20 min. The mononuclear cells at the interface were isolated and used in in vitro culture. Single-cell suspensions were isolated from a spleen by grinding the spleen through a wire screen followed by a quick centrifugation. The cells were cultured at the indicated cell numbers with irradiated naive spleen cells infected with RSV at a multiplicity of infection of 0.1. The ratio of responders to stimulators was in general 5:1. In some experiments, the cells were stimulated with the indicated synthetic peptide (1 g/ml).
Detection of cytokines in culture supernatants. Supernatants from in vitro culture of cells isolated from spleens or lungs were collected at 48 h after stimulation and kept at Ϫ70°C until analyzed. The concentrations of IL-2, IL-4, IL-5, and gamma interferon (IFN-␥) in these supernatants were measured with commercial enzyme-linked immunosorbent assay (ELISA) reagents under conditions recommended by the manufacturer (Pharmingen, San Diego, Calif.).
Flow cytometric analysis. Staining of lung mononuclear cells for surface molecules and intracellular cytokine was performed by a method previously described (27) . Cells were resuspended at 10 5 to 10 6 /ml and stimulated with RSVinfected splenocytes or synthetic peptides (1 g/ml). The cells were harvested 48 h after stimulation with RSV-infected spleen cells or 6 h after stimulation with peptides. Six hours prior to harvest, brefeldin A was added at 10 g/ml to enhance intracellular accumulation of cytokines. The cells were washed twice with phosphate-buffered saline and stained for surface expression of CD4 by using rat anti-mouse CD4-Tricolor (Caltag Laboratories, Burlingame, Calif.). The cells were then fixed with Cytofix solution (Pharmingen), permeabilized, and stained for intracellular IFN-␥ and IL-4 with rat anti-mouse IFN-␥-phycoerythrin and rat antimouse IL-4-fluorescein isothiocyanate conjugates (Pharmingen) according to the protocol recommended by the manufacturer. The stained cells were analyzed on a fluorescence-activated cell sorter (Becton Dickson & Co., Mountain View, Calif.) with Cellquest software. Ten thousand gated events with forward and side scatters characteristic of mononuclear leukocytes were collected and analyzed.
Assays for cell-mediated cytotoxicity. The Cr 51 release cytotoxicity assay was performed as previously described. The MC57G cell line expressing MHC class I (H-2 b ) or the P815 cell line expressing MHC class I (H-2 d ) was used as a target for these assays. Target cells, either uninfected or infected with appropriate virus, were incubated with Cr 51 overnight at room temperature and then washed twice and plated at 5 ϫ 10 3 per well in a 96-well, flat-bottom tissue culture plate. Effector cells were added at variable cell numbers to appropriate wells in quadruplicate. The plates were incubated at 37°C in 10% CO 2 for 6 h. One hundred microliters of supernatant was harvested from each well and counted on a gamma counter (Isomedic; ICN Biomedicals Inc., Costa Mesa, Calif.). The percent lysis was calculated as previously described (34) .
RESULTS
RSV G elicits both Th-1-and Th-2-type cytokines.
Priming of BALB/c mice with the RSV G glycoprotein leads, on intranasal challenge with RSV, to the development of lung inflammation characterized by the recruitment of eosinophils. Mice sensitized to the fusion glycoprotein of RSV (RSV F) or to the other proteins of RSV do not develop lung eosinophilia upon challenge with RSV (23, 28, 35) . In models of parasitic infection, such as by Leishmania species, the development of eosinophil-rich inflammation has been shown to be strongly linked to Th-2 polarization of cytokine response, with the production of both IL-4 and IL-5 and little or no production of IFN-␥ (30). To further define the mechanism underlying the eosinophilic lung inflammation and cytokine response of RSV G-specific effectors, we examined histologic sections and the ex vivo cytokine response of lung effector cells from the lungs of RSV G-primed mice after infection with live RSV. Groups of mice were primed with either a vaccinia virus recombinant expressing the RSV G glycoprotein (VG) or the control vaccinia virus (VSC11), which expresses no RSV proteins. Three weeks following priming, the mice were challenged intranasally with live RSV. At day 5 postchallenge, portions of their lungs were taken for histology and morphometric analysis. The remaining lung tissue was used for isolation of infiltrating lung mononuclear cells. These isolated lung mononuclear cells were stimulated in vitro with infectious RSV, and the cytokine secretion was quantitated.
As previously reported, all the RSV G-sensitized mice had marked lung eosinophilia following RSV challenge (Fig. 1A) . The development of lung eosinophilia required RSV G priming, as mice primed with the control vaccinia virus (VSC11) did not demonstrate morphometric evidence of enhanced eosinophilia. In addition, the levels of IL-4 and IL-5 produced by infiltrating lung mononuclear cells correlated well with the degree of eosinophilia (Fig. 1B) . However, after RSV challenge lung mononuclear cells from G-primed mice also simultaneously produced the Th-1-type cytokines, namely, IFN-␥ (Fig. 1B) , in RSV G-sensitized mice.
During viral infection several cell types are potential sources of IFN-␥, e.g., natural killer cells, CD8 ϩ T cells, and CD4
ϩ Th-1 cells. Since during challenge infection with RSV the extents of primary CD8 ϩ -T-cell response in the lungs of VG-and VSC11-primed animals are likely to be comparable, IFN-␥ production by primary RSV-specific effector cytotoxic T lymphocytes does not readily account for the elevated levels of IFN-␥ produced by infiltrating mononuclear cells from the lungs of VG-primed mice. This enhanced IFN-␥ production in VG-primed mice is unlikely to be due to the activation of G-specific memory CD8
ϩ T cells, since we and others have shown that sensitizing with the RSV G glycoprotein does not prime a memory CD8 ϩ -T-cell response (2, 34) . Thus, the elevated production of IFN-␥ by the infiltrating lung mononuclear cells after RSV challenge in VG-primed mice most likely reflects the response of memory CD4 ϩ T cells specific to the RSV G glycoprotein with a Th-1-type cytokine phenotype.
To directly demonstrate the presence of RSV-specific Th-1 effector cells in VG-primed mice, mononuclear cells from the lungs of these animals were isolated at day 5 post-RSV challenge and stimulated in vitro with either uninfected, irradiated splenocytes or RSV-infected, irradiated splenocytes. Fortyeight hours post-stimulation, these cells were simultaneously stained for surface expression of CD4 and intracellular IFN-␥ expression (Fig. 2) . As Fig. 2A demonstrates, the majority of IFN-␥-containing cells infiltrating the lungs were CD4
ϩ . Intracellular accumulation of IFN-␥ required specific stimulation of these CD4
ϩ T cells by RSV-infected splenocyte stimulators, as in vitro stimulation with uninfected splenocytes resulted in minimal IFN-␥ production by CD4 ϩ T cells (Fig. 2B ). Because of the low level of IFN-␥ produced in vitro by infiltrating mononuclear cells in the lungs of VSC11-primed mice undergoing primary RSV infection (Fig. 1B) , intracellular IFN-␥ production by lung mononuclear cells of these animals was not examined. During primary RSV infection the frequency of intracellular IFN-␥-staining CD4 ϩ T cells infiltrating the lungs has been previously reported to be low at day 5 postinfection (22) . Our finding of low levels of IFN-␥ production by lung mononuclear cells from VSC11-primed mice after challenge infection with RSV is consistent with this earlier data.
Th-1 and Th-2 responses are directed to a single peptide epitope of RSV G glycoprotein. Several studies have suggested that the differentiation of CD4
ϩ T cells along a Th-1 or Th-2 pathway might be dictated by the MHC-peptide ligand specificity of these cells (7, 9, 25) . Since the RSV G glycoprotein appears to prime for both Th-1-and Th-2-type CD4
ϩ -effectorcell responses after RSV challenge, it is of interest to characterize the peptide epitope(s) contained within this protein which are recognized by Th-1 or Th-2 effector cells. To define potential epitopes, we made a series of overlapping peptides spanning the entire RSV G protein. These peptides were 15 amino acids in length, with an 8-amino-acid overlap. Individual peptides were then tested for the ability to stimulate cytokine release from heterogeneous populations of RSV G-specific T cells generated by two or three rounds of in vitro stimulation of immune splenocytes from individual VG-primed mice with RSV. As shown in Fig. 3 for a representative bulk culture, only one synthetic peptide was recognized by these bulk cultures of RSV G-specific CD4 from splenocytes after several rounds of stimulation in vitro, the specificity and cytokine profile of these cells could represent a unique property, an oligoclonal-T-cell population expanded in vitro, and thus may not accurately reflect the specificity of effector T cells found in vivo in the lungs after RSV infection. This is unlikely, since the effector cells used for this analysis were generated in a relatively short-term in vitro culture. To confirm that the peptide epitope we defined was recognized by lung effector cells, infiltrating mononuclear cells from the lungs of VG-primed mice were isolated 5 days after intranasal RSV challenge. These cells were stimulated ex vivo with the immunogenic RSV G 183-to-197 peptide epitope or a control nonstimulatory peptide (RSV G 1-to-15); the cytokine secretion by these cells was then analyzed 48 h later. As shown in Fig. 4 , the lung mononuclear cell population from individual RSV G-sensitized mice produced IL-2, IL-4, IL-5, and IFN-␥ in response to stimulation with the RSV G 183-to-197 peptide. Mononuclear cells stimulated with the control peptide did not show any cytokine responses. This result indicates that the epitope defined by the RSV G 183-to-197 peptide is recognized by RSV G-specific effector T cells generated in vivo in response to RSV challenge of RSV G-primed mice and both Th-1-and Th-2-type responses are simultaneously elicited against a single-peptide epitope of the G protein.
To directly enumerate the cytokine profiles of CD4 ϩ T cells present during RSV infection in the lungs of mice sensitized to RSV G glycoprotein, lung mononuclear cells were isolated from VG-primed mice on day 5 post-RSV challenge and analyzed for intracellular cytokine after stimulation by the G 183-to-197 peptide. The cells were triple stained for CD4, IL-4, and IFN-␥ and analyzed by flow cytometry. CD4 ϩ , IFN-␥-producing T cells which recognize the defined peptide are present in the lungs of VG-sensitized mice (Fig. 5A) . The cytokine response of these cells is specific for the G 183-to-197 peptide. No response to the control G 1-to-15 peptide was detected (Fig. 5B) . The percentages of CD4 ϩ T cells which were stained positive for either IFN-␥ or IL-4 were approximately equal (data not shown). These findings further support the view that Th-1 and Th-2 responses are elicited from memory CD4 ϩ T cells directed to the RSV G glycoprotein G 183-to-197 epitope.
RSV G elicitation of Th-1 and Th-2 type cytokines is not MHC dependent. If the epitope and T-cell specificities do not play a central role in the regulation of CD4
ϩ -T-cell differentiation, then the pattern of cytokine responses in BALB/c mice should be observed in congenic mice genetically identical to BALB/c mice at all loci except the MHC. To test this possibility, we analyzed the pattern of cytokines produced by mononuclear cells isolated from congenic BALB/b mice (H-2 b haplotype) which had been primed with VG. These cells were stimulated with individual peptides as shown in Fig. 3 , and the cytokines in the supernatants were analyzed. As shown in Figure  7 shows a morphometric analysis of eosinophil numbers in histologic lung sections taken from mice of these three strains. Both BALB/c and BALB/b strains developed extensive lung eosinophilia. The phenomenon is dependent on RSV G-specific recognition, as the VSC11-primed mice do not generate an eosinophilic response. Importantly, C57BL/6 mice, which are identical to the BALB/b strain at the MHC loci but different at other gene loci, did not develop the eosinophilic response seen in BALB/b mice. The lungs of VG-primed C57BL/6 mice did exhibit extensive mononuclear cell infiltration not found in mice primed with control vaccinia virus, indicating that they were successfully primed against RSV G (data not shown). This data strongly implicates strain-specific, non-MHC genes as major determinants in the development of a Th-2 response in this model. 
DISCUSSION
In this study, we have clearly demonstrated that BALB/c mice sensitized to the RSV G glycoprotein produced in both Th-1-and Th-2-type cytokines when challenged with RSV. The concurrent induction of Th-1-and Th-2-type responses was shown both at the level of bulk T-cell cultures and at a singlecell level. Importantly, these polarized CD4 ϩ effector T cells from BALB/c mice recognized the same amino acid epitope, suggesting that the specificity of T cells is not the crucial factor in directing the differentiation pathway of CD4 ϩ T cells and the production of cytokines by the activated CD4 ϩ effector T cells. This finding was further supported by the observation that T cells from H-2 b haplotype BALB/b mice previously sensitized to RSV G glycoprotein likewise secrete both Th-1-and Th-2-type cytokines in response to a single, distinct region of the RSV G molecule. Genes unlinked to the MHC loci appeared to play a crucial role in the development of polarized cytokine responses in this model, since BALB/b mice, which share non-MHC background genes with BALB/c mice, but not H-2 b haplotype C57BL/6 mice developed lung eosinophilia when sensitized to the RSV G glycoprotein.
Polarized cytokine responses by CD4 ϩ effector T cells have been implicated in the pathogeneses of many diseases. In most models of microbial infection, the cytokine responses usually deviate towards either a Th-1 (high IL-2 and IFN-␥ with low IL-4 and IL-5) or Th-2 (high IL-4 and IL-5 with low IFN-␥) pole (5, 6) . In this regard, the immune response to the RSV G glycoprotein is notable in that both Th-1-and Th-2-type responses are concurrently induced. Indeed, analysis of the cytokine profile exhibited by lung mononuclear cells in VGprimed mice revealed that the frequencies of Th-1 and Th-2 effector cells are roughly equal (data not shown). Our results are in agreement with recent studies on cytokine responses during experimental viral infection in RSV and lymphocytic FIG. 6 . Identification of peptide epitopes recognized by BALB/b mice. Experiments were done as in Fig. 3 except that the RSV G-specific T-cell line was derived form BALB/b mice. Both Th-1-and Th-2-type cytokines were produced in response to stimulation with peptides spanning residues 162 to 190.
FIG. 7.
Development of pulmonary eosinophilia is dependent on non-MHC gene loci of the host. Mice differing at the MHC or non-MHC gene loci were primed with VG or control vaccinia virus. The mice were then infected with RSV, and their lungs were analyzed for eosinophilia. Three to five blood vessels in each lung section were examined for the presence of eosinophils, and the eosinophils in and around the vessels were enumerated and expressed as the number of eosinophils per unit length (in millimeters) of vessel wall. Each data point represents the number of eosinophils present around individual blood vessels in the lungs of the mice (four to five mice per group). ‫,ء‬ P Ͻ 0.05 (compared to VG-primed C57BL/6 mice) by Student's t test. There is no statistical difference between VG-primed BALB/c and BALB/b mice (P ϭ 0.698).
choriomeningitis virus models, which showed a concurrent induction of Th-1-and Th-2-type cytokines (33, 40) .
The finding that RSV G induces both Th-1-and Th-2-type effector cells led us to examine the peptide epitopes recognized by these cells. Several studies have indicated that the affinity of the interaction between the MHC-peptide ligand and the TCR may determine the eventual cytokine phenotype exhibited by CD4 ϩ T cells (7, 9, 25) . According to this view, certain MHCpeptide ligand complexes will preferentially induce a Th-1 or Th-2 response, so-called Th-1 and Th-2 epitopes. A recent study by Sparer et al. has suggested that RSV G glycoprotein may contain a region corresponding to G protein residues 193 to 203 which represents such a Th-2-type epitope, since virus with a mutant RSV G lacking this region failed to elicit lung eosinophilia in BALB/c mice (32) . We have independently identified a single dominant epitope in RSV G spanning residues 183 to 197 which maps to the same region as a previously identified Th-2 epitope. This epitope, however, is recognized by both Th-1 and Th-2 effector cells. If, as our data suggests, this is the dominant epitope recognized by CD4 ϩ T cells of H-2 d haplotype mice, then deletion of the portion of RSV G containing this epitope will significantly reduce the immunogenicity of this molecule and the subsequent development of lung eosinophilia. In support of our result, a recent study has identified the same peptide region of the RSV G molecule which elicited both IFN-␥ and IL-5 responses in RSV G-primed BALB/c mice (38) . The concurrent induction of Th-1-and Th-2-type responses to this epitope suggests that the peptide ligand specificity of the TCR displayed by RSV Gspecific CD4
ϩ T cells may not play a critical role in determining the polarized cytokine response and the phenotype of activated effector CD4 ϩ T cells. Studies demonstrating that CD4 ϩ T cells expressing identical TCRs can be driven to become Th-1 or Th-2 effector cells support this view (19, 31 ). An alternative explanation for our observation is that differences in the affinities of the TCRs on individual G-specific CD4 ϩ -Tcells to their MHC-peptide ligands may influence the cytokine profile and the polarization of CD4 ϩ T cells. In this instance, the TCR repertoire of RSV G-specific CD4 ϩ T cells in the two strains of mice (BALB/c and BALB/b) examined in this study must exhibit a sufficient range of affinities for their respective G epitopes to drive the differentiation of both Th-1 and Th-2 effector cells directed to a single G epitope. Further studies will be required to more precisely define the contribution of TCR affinity to the induction of polarized CD4
ϩ -T-cell responses in the RSV model.
The epitope specificities of CD4 ϩ T cells appear to play a minor role in the selective induction of polarized cytokine responses in the murine RSV model. In support of this view, we found that neither the generation of RSV G-specific CD4 ϩ Th-1 and Th-2 effector cells nor the development of lung eosinophilia was dependent on the MHC haplotype of the host. BALB/b mice, which differ at MHC loci from BALB/c mice, predictably recognize an RSV G epitope(s) distinct from the epitope recognized by BALB/c mice. Despite the difference in epitopes recognized by these two strains of animals, the pattern of cytokine response in BALB/b mice is similar to that in BALB/c mice. Th-1-and Th-2-type cytokine responses are induced in both strains of mice, and these dominant epitopes elicit both Th-1-and Th-2-type cytokine responses. The magnitudes of Th-2 responses in these two strains of animals are quite comparable, as judged by the extent of eosinophil recruitment into the lungs following RSV infection. Importantly, VG-primed C57BL/6 mice, which have the same MHC haplotype as BALB/b mice but differ in non-MHC genetic loci, do not develop lung eosinophilia after challenge with RSV. In sum, these results strongly suggest that for these mouse strains the induction of Th-1 and Th-2 cytokine responses to the RSV G protein is primarily regulated by non-MHC-linked genetic loci.
We have previously shown that the induction of virus-specific cytolytic CD8 ϩ T cells is associated with a reduction in Th-2-type cytokine production and lung eosinophilia (34) . The absence of lung eosinophilia in RSV G-sensitized C57BL/6 mice might then be related to their ability to mount a cytolytic-CD8 ϩ -T-cell response to RSV G. This explanation is unlikely, since to date neither C57BL/6 nor BALB/b mice have exhibited a detectable RSV G-specific, MHC class I-restricted cytotoxic T-lymphocyte response to this protein (7a). The absence of lung eosinophilia in C57BL/6 mice in spite of the apparent inability of these mice to mount a cytolytic-CD8
ϩ -Tcell response to this antigen does not necessarily negate the role of CD8 ϩ T cells in the down-regulation of Th-2 cytokine production. Recent studies of RSV G-primed C57BL/6 mice have shown that elimination of CD8 ϩ T cells in vivo during viral challenge led to the development of lung eosinophilia (20) . It is possible that noncytolytic CD8 ϩ T cells which are capable of the down-regulation of a Th-2 response exist in vivo. Furthermore, CD8
ϩ T cells are likely not the only factors that regulate the induction of Th-2 responses. As shown in this study, the ability of the host to mount a strong Th-2-type response clearly depends on other factors, particularly the non-MHC genetic makeup of the host. Candidates for non-MHC genes which may participate in the generation of Th-1-Th-2 responses include the genes encoding cytokines known to have a polarizing effect on T-cell differentiation, cytokine receptors, and signaling molecules along the cytokine signal transduction pathway. Recent studies of humans and mice have demonstrated polymorphism in cytokine and cytokine receptor genes which may be linked to susceptibility to the development of allergic diseases (12, 18) .
The immunological and pathological consequences of the simultaneous induction of Th-1 and Th-2 responses are poorly understood at present. It is conceivable that Th-1 and Th-2 effector T cells may counterregulate each other, resulting in the suppression of cytokine production by one or both populations. Studies which have examined the cytokine response of differentiated Th-1 and Th-2 effector cells when these cells were simultaneously activated in vitro have failed to demonstrate this counterregulation (27) . Whether fully differentiated CD4 ϩ effector T cells are likewise refractory to counterregulation in vivo awaits further investigation. However, IFN-␥ and IL-4 produced by Th-1 and Th-2 effector cells could influence the differentiation of naive and memory CD4 ϩ T cells present at the site of inflammation. These cytokines may also exert synergistic or opposing effects on other steps of the inflammatory process, such as the up-regulation of adhesion molecules and the recruitment of inflammatory cells (including T cells and eosinophils) to the site of inflammation. In this connection, we have previously reported that the severity of lung eosinophilia in RSV G-sensitized mice was more pronounced in the absence of IFN-␥ (35) . An in-depth understanding of the roles of cytokines secreted by different types of effector T cells in the clearance of RSV from the lungs as well as in the pathogenesis of RSV-mediated lung injury will be critical for the development of an effective vaccine against this virus. expressing the RSV F and G genes under the auspices of the WHO-UNDP program for vaccine development.
